We have developed a method where, after glutaraldehyde fixation, human hair shafts and insect cuticles are treated with ammonium thioglycolate (ATG) to improve ultrastructural staining. Conventional transmission electron microscopic (TEM) preparations do not distinguish the A-layer and the exocuticles of hair shafts. However, after ATG treatment, the A-layer appears in higher contrast. ATG treatment has also been used to observe the fibrillar structure in the cortex. In the cuticle of beetles, the epicuticle is stained by ATG. Although the human hair shaft (keratin) and insect cuticle (chitin) are composed of different materials, both can be reduced by the ATG solution. The ammonium in the ATG solution reacts with hair shafts and insect cuticles, causing a reduction of swelled cuticles. Therefore, ATG not only stains, but also reduces human hair shafts and the cuticles of beetles.
Introduction
For wool, 2-mercaptoethanol (also known as thioglycol) in phosphate buffer is used for electron microscopic observations, called the reduction-osmication method. This method has proven to be the most successful for visualizing the fibrillar structures in the cortex [1] [2] [3] . When ammonium thioglycolate (ATG) solution is used for permanent waving of human hair shafts, changes in the physical and mechanical properties of human hair shafts occur, including a reduction in tensile strength the same as occurs with 2-mercaptoethanol [4] [5] . The fibrillar structures in the cortex are obscured by conventional TEM. However, treatment with ATG or 2-mercaptoethanol in phosphate buffer has been used to observe the fibrillar structure in the cortex. In addition, the A-layer in hair cuticle cells is also stained [6] [7] .
Hair shafts are fully keratinized tissues that are difficult to prepare for histology (fixation, dehydration, embedding and sectioning). However, following treatment with ATG, the characteristics of hair shafts are changed which makes them easy to prepare for TEM. It is a fact that after treatment with ATG, the hair shaft is reduced.
On the other hand, beetles have a hard cuticle due to their chitin composition [8] [9] . The elytron of an adult beetle is too highly a sclerotized tissue to prepare for TEM embedding or sectioning. However, after treatment with ATG reduction, we found that the elytron is also reduced the same as hair shafts. The purpose of this study was to use ATG for TEM preparations to examine hair shafts and the hard cuticles of adult beetles. Further, we examined block staining with ATG solution to compare hair shafts and insect cuticles.
Materials and Methods
Healthy and chemically untreated hair shafts were taken from a Japanese female 18 years of age. The elytron and epidermis of an abdomen was taken from an adult male rhinoceros beetle, Trypoxylus dichotomus L.
These specimens were fixed in 2.5% glutaraldehyde in 0.1 M phosphate buffer at room temperature for 1 -2 h. The specimens were treated with 10% ATG solution (pH 9.5) in 0.1 M phosphate buffer at room temperature for 1 -12 h. After the specimens were completely reduced and were easily pliable they were washed multiple times in 0.1 M phosphate buffer until the odor of ammonium disappeared and they were then post-fixed in 1% osmium tetroxide, dehydrated in a graded series of alcohol and embedded in Epon 812. Initially, semi-thin sections were cut (0.5 μm in thickness) with an ultramicrotome, and were stained with toluidine blue for light microscopic observations. For TEM, ultra-thin sections were cut with a diamond knife, were stained with uranyl acetate and lead citrate, and then were examined using a Hitachi H-7650 transmission electron microscope. Untreated human hairs and beetle cuticles were also examined by conventional TEM.
Results

Human Hair Shafts
Seven or eight over-lapping cuticle cells occur in human hair, each with an intact A-layer (Figures 1 and 2) . In conventional TEM, two layers were seen in each cuticle cell and the outer layer was electron lucent. In the inner layer, endocuticles are more electron dense than in the outer layer (Figure 1(A) ). Block staining with ATG solution produced a higher contrast of the A-layer and more contrast of the exocuticle than the endocuticle (Figure 
1(B)
). The A-layer and exocuticle layers were homogenous. The endocuticle layer showed a variously sized granule-like structure (Figures 1 and 2) . The cell membrane complex (Figures 1 and 2 arrows) consists of two electron-lucent layers (the β bands) and a central electron-dense layer (the δ band), which are clearly seen after ATG staining more than by conventional TEM between each cuticle cell (Figure 2 arrows) . ATG-treated cuticle cells were about 1.5 times as thick as the untreated cuticle cells (Figure 1) .
The cortex cells contained many macrofibrils ( Figure  1) . Conventional TEM showed that each macrofibril was identified by an intermacrofibrillar matrix, but the microfibrils were obscured in a macrofibril (Figure 3(A) ). Block staining with the ATG solution produced a higher contrast of the intermicrofibrillar matrix in cross-sections of hair shafts. Electron lucent microfibrils were also clearly seen in macrofibrils due to the electron dense intermicrofibrillar substance. The axial microfibril bundle was surrounded by concentric lamellae of microfibrils, showing a fingerprint appearance. The diameter of each microfibril was 7 -9 nm (Figure 3(B) ). 
Cuticle of the Rhinoceros Beetle
In insects, the cuticle is secreted by epidermal cells. After ATG treatment, cuticles of both the elytron and the abdomen were the same thickness (about 70 μm). In the elytron, the epicuticle is a thin layer, highly stained by toluidine-blue (Figure 4(A) ). The exocuticle is stained light blue, and the endocuticle is stained dark blue in the elytron and the abdomen (Figures 4(A) and (B) ). In the abdomen cuticle, both the exocuticle and the endocuticle are the same thickness as the elytron cuticle. The epicuticle is obscured by the thin layer in the abdomen (Figure  4(B) ).
Block staining with ATG solution produced a higher contrast of epicuticles ( Figures 5 and 6(B) ) compared with the routine TEM method (Figure 6(A) ). Epicuticles in the elytron (about 3 μm in thickness) were thicker than the abdomen epicuticles (about 0.5 μm in thickness) (Figures 4 and 5) . Each lamella of the exocuticle under the epicuticle, was about 0.2 μm thick in the elytron, (Figure 5) , and 0.9 -1.0 μm thick in the abdomen. The lamellae are composed of microfibrils, about 70 layers in the elytron exocuticle (Figure 5) , and about 12 -14 layers in the abdomen exocuticle (Figure 6) . The helicoidal microfibrils of each lamella were evident in the exocuticle (Figure 6 ), but non-helicoidal hyaline microfibrils were seen in the endocuticle (Figure 7) . Each lamella of the endocuticle in both non-treated and ATG-treated specimens was about 3 μm in thickness. Epidermal cells had no ultrastructural changes following ATG treatment (Figure 7) . Following ATG treatment, each lamella (0.7 μm in thickness) in the exocuticle was 1.4 times as thick as the untreated abdomen exocuticle (Figure 6) . However, the thickness of the endocuticle was not changed by ATG treatment.
Discussion
Block Staining
Conventional TEM showed no distinction between the A-layer and the exocuticle in the hair shaft. However, after cuticles were treated with ATG, the A-layer and the exocuticle could be distinguished by the stained A-layer. The fibrillar structure in the cortex is also obscured in conventional TEM, but ATG treatment allows the fibrillar structure to be observed. Each electron lucent microfibril is clearly observed in a microfibril caused by staining of an intermicrofibrillar amorphous matrix [1-3, 7,10] . After glutaraldehyde fixation, human hair shafts and beetle cuticles were treated with the ATG solution, and were observed by TEM. In the cuticle of the beetle, the epicuticle was stained by ATG. Epicuticles include lipids and minerals in comparison with other cuticles [11] . We hypothesize that lipids and/or minerals are stained by thioglycolate. However, the composition of the A-layer in the hair cuticle is not known to include lipids or minerals. On the other hand, the A-layer of cuticle cells is particularly resistant both to trypsin digestion and to keratinolytic attack [12] . The epicuticle of the insect is also the outermost layer, as is the A-layer, and has waterproofing properties, resistance to fungi and some chemicals, etc. If the anti-resistance materials are stained by thioglycolate, it is very interesting.
Reduction
Ammonium thioglycolate (ATG) solution is used for permanent waving of human hair, and changes in the physical and mechanical properties of human hair are caused by a reduction in tensile strength [4, 5] . ATGtreated cuticle cells are swollen, and are 1.5 times as thick compared with untreated cuticle cells. Hair shafts following ATG treatment not only have swollen cuticle cells, but also have swollen macrofibrils [6] . However, swollen macrofibrils were not detected in this study. In general, the reduction in tensile strength caused by treatment with ATG is caused by the cleavage of the S-S bond in keratin fibers [1, 13] . However, it has been reported that S-S bond intensity that exists in the cortex is not changed by ATG treatment [14] .
On the other hand, after treatment with ATG solution, we found that the elytron of beetles is also reduced as are the hair shafts. In this study, exocuticles treated with ATG exocuticles are swollen, but epi-and endo-cuticles are not. Insect exo-and endo-cuticles are composed of chitin, a nitrogen-containing polysaccharide. In addition, the elytron in conventional TEM could not be cut in ultra-thin sections. In spite of hair shafts and insect cuticles being composed of different materials, both are reduced by the ATG solution. It may be that the ammonium of the ATG solution reacts with human hair shafts and insect cuticles. In fact, Harland et al. [7] showed that treatment with 2-mercaptoethanol in phosphate buffer causes cuticle cells in human hair to be about 0.4 μm in thickness, but, by using the ammonical silver method, cuticle cells are 1.5 times thicker. Thus, the ammonium of the ATG solution reacts both with hair shafts and with insect cuticles and causes swelling of human cuticle cells and insect exocuticles.
